Lesion location is an important determinant for post-stroke cognitive impairment. Although several 'strategic' brain regions have previously been identified, a comprehensive map of strategic brain regions for post-stroke cognitive impairment is lacking due to limitations in sample size and methodology. We aimed to determine strategic brain regions for post-stroke cognitive impairment by applying multivariate lesion-symptom mapping in a large cohort of 410 acute ischemic stroke patients. Montreal Cognitive Assessment at three to six months after stroke was used to assess global cognitive functioning and cognitive domains (memory, language, attention, executive and visuospatial function). The relation between infarct location and cognition was assessed in multivariate analyses at the voxel-level and the level of regions of interest using support vector regression. These two assumption-free analyses consistently identified the left angular gyrus, left basal ganglia structures and the white matter around the left basal ganglia as strategic structures for global cognitive impairment after stroke. A strategic network involving several overlapping and domain-specific cortical and subcortical structures was identified for each of the cognitive domains. Future studies should aim to develop even more comprehensive infarct location-based models for post-stroke cognitive impairment through multicenter studies including thousands of patients.
dementia.
1 Recent studies using voxel-based lesionsymptom mapping (VLSM) 3 have provided further evidence for the role of strategic infarcts in post-stroke cognitive impairment and identified strategic regions for global cognition 4 and cognitive domains including memory, 5, 6 language, 7-10 visuospatial 11, 12 and executive functions. 13, 14 However, a comprehensive map of strategic brain regions for post-stroke cognitive impairment is still lacking due to limitations in sample size and methodology.
Recently, new lesion-symptom mapping methods [15] [16] [17] have emerged to overcome the main limitation of VLSM, namely its mass-univariate approach that does not take into account intervoxel correlations (which are typically present because lesion distribution follows the vascular tree), which can result in significant displacement of the strategic lesion locus. These new lesion-symptom mapping (LSM) methods can determine independent contributions of strategic voxels/ regions in multivariate models, resulting in higher sensitivity and better accuracy. 18 In the current study, we aim to provide a more complete picture of strategic brain regions for poststroke impairment, focusing on global cognitive functioning, and memory, language, attention, executive and visuospatial function. For this purpose, we perform the largest LSM study to date, including over 400 stroke patients, and apply the recently developed multivariate SVR-based voxelwise 17 and ROI-based 19 methods to relate infarct location to cognitive functioning.
Methods Subjects
Participants were patients of the ongoing Chinese University -Stroke Registry Investigating Cognitive Decline (CU-STRIDE) study. 20 The CU-STRIDE study recruited 1013 consecutive acute stroke/TIA patients, who were admitted to the Prince of Wales Hospital in Hong Kong between 2009 and 2010, aiming to investigate mechanisms of cognitive decline over five years. This study was approved by the Joint Chinese University of Hong Kong -New Territories East Cluster Clinical Research Ethics committee. Study procedures were performed in accordance to the Declaration of Helsinki of 1975 and its later revisions. Written informed consent was obtained from all participants who were deemed to be capable of giving informed consent, and written informed consent from proxy was obtained for participants diagnosed with dementia. The inclusion and exclusion criterion of the CU-STRIDE trial were described previously. 20 To associate acute ischemic lesions (AILs) and poststroke cognition in this study, we further excluded the patients without visible AILs on magnetic resonance imaging (MRI) or computed tomography (CT) at baseline, and those who were not available for cognitive assessment of MoCA at three to six months after stroke. Patients with prior ischemic stroke or TIA were also included if they met the aforementioned criteria. Finally, 410 patients were included in this study (See Supplementary Figure S1 , the flow-chart of the patient recruitment).
Neuropsychological assessment
The cognitive functions were assessed using the Hong Kong version of Montreal Cognitive Assessment (MoCA). 21 Five cognitive domain scores were calculated using a method published previously, 22 including memory (delayed recall, orientation, digit span forward), language (animal picture naming, sentence repetition), attention (serial 7s, digit vigilance), executive function (digit span backward, trail-making test, word similarities, category fluency) and visuospatial function (cube draw, clock draw).
Imaging
Non-contrast brain CT was performed for all patients on arrival to the accident and emergency departments. 20 Brain MRI was performed within one week of hospital admission on patients for whom we were not able to classify the stroke subtypes based on CT and other clinical parameters. 20 All MRI examinations were performed on a 1.5 T scanner (Sonata; Siemens Medical, Erlangen, Germany) or a 3.0 T scanner (Achieva 3.0T TX Series; Philips Medical System, Best, the Netherlands) using standard protocols. The applied MRI sequences in the proposed study included diffusion-weighted imaging (DWI), and axial spin echo T1-weighted fast field echo, and their imaging parameters were previously described. 20 
Generation of lesion maps
AILs were manually delineated on either MRI (n ¼ 307) or CT (n ¼ 103). An AIL was defined by the presence of a hyperintense MRI DWI lesion with corresponding hypointensity in the apparent diffusion coefficient map, or hypodense lesions on CT that were relevant to the acute neurological signs and symptoms. 20 The DWI sequences were first linearly registered to the T1 sequences of the patients (if available) and were further registered to the 1-mm T1 MNI-152 (Montreal Neurological Institute) template. 23 For the patients without T1 sequences, the DWI image was registered directly to the MNI-152 template with optimized parameters. The registration procedure was performed by elastix, with a linear registration followed by a nonlinear registration. 24 Considering that most of the included patients were elderly subjects, an age-specific MRI template 25 was used as an intermediate before the final registration to MNI-152 space. The resulting transformations were combined into a single transformation that was subsequently used to transform the corresponding lesion maps to the MNI-152 template. The same registration method was applied to the CT scans using a registration algorithm that was designed and validated for this purpose. 26 The image registration in this study was performed using tailor-made software called RegLSM, which was jointly developed by HJK and LZ; RegLSM will be made public at http://lsm.isi. uu.nl/. Rigorous quality checks of the registration results were performed by comparing the location of the lesion maps on native scan to that on MNI-152 template. Manual correction of the mapped lesions was performed when necessary.
Statistical analysis
Support vector regression-based lesion symptom mapping (SVR-LSM) 17 was performed to determine the association between AIL location and post-stroke cognition measured by MoCA. This recently developed multivariate lesion-symptom mapping method takes into account the intervoxel correlations and has previously been shown to provide higher spatial accuracy than the commonly used mass-univariate LSM methods. 17 In addition, it allows continuous measures of behavior as the dependent variables, which has broader applications than other multivariate methods where the neuropsychological measurements have to be dichotomized into binary variables. Total MoCA and subscores for cognitive domains were norm-corrected for age, gender, education year and the presence of prior TIA or ischemic stroke. A correction for total lesion volume was performed by weighting the lesioned voxels in inverse proportion to the square root of the lesion size, which captures the intuitive notion that the damage in a particular voxel is more informative for smaller lesions than for larger lesions. This method directly controls relationships between total lesion size, stroke distribution and behavior scores, and provides better control than the regression of behavioral scores on lesion volume. 17 To achieve an SVR-LSM model with reliable performance for our lesion-behavior data, we adjusted the original nonlinear SVR-LSM approach to a linear model and performed feature selection to exclude noise voxels prior to model training. These adjustments significantly improved the prediction accuracy of the SVR-LSM model, and made it more suitable for our study where small lacunar infarcts were included and the lesion distribution was more dispersed. (See details in Supplementary Method, Supplementary Table S1 and Supplementary Figure  S3 ). The parameter training was realized by weighing the prediction performance of the norm-corrected MoCA scores and the reproducibility of the voxel-wise weight coefficients in the linear SVR-LSM model. Statistical inference was performed by shuffling the observations of norm-corrected MoCA scores to create pseudo weight coefficients, and the significance level of each voxel was calculated by counting the number of pseudo weights larger than the real weight in 5000 permutations. The voxels with permutation-based p < 0.01 were treated as significant voxels in the multivariate analysis. For further details of the SVR-LSM methodology please refer to Supplementary Method.
Subsequently, we performed an assumption-free region of interest (ROI)-based analysis also using support vector regression. 19 The ROIs were defined by the AAL atlas and ICBM-DTI-81 white matter tract atlas in MNI-152 space. In line with the SVR-LSM analysis, we also applied feature selection on these ROIs before entering their regional lesion volumes as independent variables in the linear SVR model. The candidate ROIs were damaged in at least four patients and associated with the norm-corrected MoCA scores in univariate models, where the association was measured by Pearson correlation (p < 0.05). Correction for total lesion volume was performed by including total lesion volume as an independent variable (together with the regional volumes of the candidate ROIs from feature selection). The parameter training and statistical inference of SVR-ROI analysis were similar to that of the SVR-LSM analysis (see Supplementary Method and Supplementary Table S2 ). The ROIs with permutation-based p < 0.01 were treated as significant in the multivariate analysis.
Results
Clinical characteristics of the patients in this study are provided in Table 1 . The median AIL volume was 2.32 ml, indicating that the majority of patients had relatively small acute lesions rather than large infarcts. Table 1 shows the patients' performance on the global and domain measures of the MoCA. The distribution of acute ischemic lesions in the study cohort is illustrated by the lesion prevalence map in Figure 1(a) . The voxels displayed were damaged in at least four patients. Lesion prevalence was higher in the right hemisphere than the left hemisphere, and higher in subcortical regions than in cortical regions. In addition, Figure 1 (b) illustrated the lesion size topologies 27 of the study cohort, where cortical lesions were generally larger than the subcortical lesions.
Multivariate voxel-based lesion-symptom mapping SVR-LSM identified significant associations between total MoCA and several clusters of voxels mainly located in the left basal ganglia, left and right frontal, left parietal and left occipital cortex and white matter (WM) (Figure 2 ). The location of tested and significant voxels is further specified in Supplementary Table S3 . The number of patients that the significant associations were based on was also provided in Supplementary Figure S5 . The regions where more than 10% of the tested voxels remained significant for global cognition in SVR-LSM were the left angular gyrus, the left caudate, left pallidum, the left anterior corona radiata (ACR), left anterior limb of internal capsule (AIC), left external capsule (EC), left posterior thalamic radiation (PTR), left superior fronto-occipital fasciculus (SFOF) and left tapetum (part of corpus callosum) (Supplementary Table S3 ).
Regarding the five cognitive domains, significant clusters generally covered the left basal ganglia (especially the left caudate), the left AIC, left frontal cortex and left frontal WM ( Figure 2 , Supplementary Table  S3 ). There are also some discrepant regions for different domains. More left dorsal cortical regions were involved in language than the other domains. Moreover, more right temporal and left occipital cortical regions and less basal ganglia structures were involved in language. In addition, exclusively left hemispheric lesions were associated with memory and executive function, and right parietal regions were distinctively involved in attention and visuospatial function. Finally, several clusters of lesions in the cerebellum were exclusively associated with attention function.
Multivariate region-of-interest-based analyses using support vector regression
Next, we analyzed the correlations between the regional infarct volumes and MoCA using the multivariate region of interest-based analyses (SVR-ROI). The regions of interest with a significant association between lesion volume and MoCA are shown in Tables 2 and 3 . For ease of interpretation, these significant ROIs are also shown in Figure 3 , labeled from yellow (p < 0.01) to red (p < 0.001). The number of patients (Table 4 and Supplementary Figure S6 ) and the lesion size (Table 4) on which these significant associations were based on were also provided.
Total MoCA was associated with infarcts located in the left basal ganglia and left frontal, temporal, parietal and occipital cortical and white matter structures. Infarct volume in the left AIC, body of corpus callosum (BCC), left posterior corona radiata (PCR) and left inferior fronto-occipital fasciculus (IFOF) were the most significantly associated (p < 0.001) with total MoCA (Table 2) . Although total lesion volume was significantly associated with total MoCA in the univariate analysis, it did not remain significant in the multivariate SVR-ROI analyses as shown in Supplementary  Table S4 .
Regarding the significant regions for the cognitive domains (Table 3 and Figure 3) , lesions in the left AIC, which were most significant for global cognition, were also significantly associated with memory (p < 0.001), attention (p < 0.001), executive function (p < 0.001) and visuospatial function (p ¼ 0.001). Total lesion volume was only associated with visuospatial function in the multivariate SVR-ROI analyses (Table 3 ). In addition, most of the discrepant regions of cognitive domains found in SVR-LSM were reproduced in the SVR-ROI based analyses ( Figure 3) . Firstly, more left dorsal cortical regions (temporal, parietal and occipital) were involved in memory and language. Secondly, language function involved less basal ganglia structures than the other domains. Finally, exclusive left hemispheric regions were associated with memory and executive function.
Discussion
In this study, we applied multivariate voxelwise lesionsymptom mapping (SVR-LSM) and multivariate region of interest-based analyses (SVR-ROI) to investigate the spatial relationship between infarct location and poststroke cognitive functioning measured after three to six months. The findings of this study confirm the relevance of infarct location, corroborate several previously identified strategic brain regions (e.g. the anterior limb of the left internal capsule and the basal ganglia) and provide a more complete map of strategic brain regions for post-stroke impairment in global cognitive functioning, memory, language, attention, executive functioning, and visuospatial functioning. The current study has several strengths. A main strength is the large sample size as it is the largest study to date to investigate the relation between infarct location and post-stroke cognitive impairment. A second main strength is the use of the state of the art VLSM methods to identify strategic brain regions. We applied a recently developed multivariate lesionsymptom mapping approach (SVR-LSM), which has better spatial accuracy than univariate VLSM. 17 Importantly, this method takes into account the intervoxel correlations regarding lesion status, where univariate VLSM does not. Brain lesions due to ischemic stroke are not randomly distributed but these lesions follow the vascular tree (i.e. voxels within the vascular territory of a specific artery are strongly intercorrelated regarding lesion status). Consequently, univariate lesion-symptom mapping methods are prone to some degree of displacement regarding the identified strategic brain region. 16 In a direct comparison of univariate VLSM and SVR-LSM on hypothetical and real lesion data, SVR-LSM had higher sensitivity for detecting lesion-deficit relations. 17 Third, we used both voxelwise analyses, which provide very high spatial resolution, and ROI-based analyses, which take into account cumulative lesion burden in a specific structure. An additional strength is that both the SVR-LSM and SVR-ROI analyses were hypothesis-free and lesions anywhere in the brain were considered, including infratentorial lesions. Fourth, well-defined and validated MoCA subscores were used to assess not only global cognitive functioning, but memory, language, attention, executive functioning, and visuospatial functioning, and determine their anatomical correlates as well. 22 Previous studies on stroke cohort have demonstrated an association between infarct location and global cognition. 1, 2, 4, [28] [29] [30] These studies identified the basal ganglia, 30 internal capsule, 2 thalamus, 2 corpus callosum, 2 angular gyrus, 31 cingulate cortex, 4 and frontal subcortical regions 28 as strategic regions for global post-stroke Results of multivariate lesion-symptom mapping. Voxel-wise associations between the presence of a lesion and cognitive functioning were determined using support vector regression (SVR-LSM). This multivariate approach assesses the inter-voxel correlations and identifies areas (in this case voxels) which have an independent contribution to the outcome measure. These associations are corrected for age, gender, education year and prior TIA or ischemic stroke. Significance of the clusters is shown in color ranging from yellow (Àlog10p¼2, p ¼ 0.01) to red (Àlog10p>3, p < 0.001). In order to visualize the voxels that were included in each step of the analyses, voxels that were associated with cognition in the univariate analyses, but not in the multivariate analyses, are shown in light blue (corresponding to the step referred to as 'feature selection' in the methods) and the remaining voxels are shown in dark blue. Uncolored voxels were not included in any step of the analyses because such lesions were found in <4 individuals. and posterior thalamic radiation 32 ) and the corpus callosum as strategic regions. Additionally, the left superior fronto-occipital fasciculus and tapetum (part of corpus callosum) were identified as strategic regions for global post-stroke cognitive impairment, along with several other regions which are summarized in Figure 3 and Table 2 . The association between infarct volume and total MoCA was strongest for the anterior limb of the internal capsule.
This study additionally provides a more complete map of strategic regions for post-stroke impairment in five specific cognitive domains ( Figure 3 and Table 3 ). Cognitive domain-specific strategic regions overlapped in some regions as for example the anterior limb of the left anterior capsule and the left fronto-occipital fasciculi were associated with all cognitive domains except language. On the other hand, there were also some clear distinctions between cognitive domain-specific strategic regions. For example, (1) language was most strongly (but not exclusively) associated with left hemispheric cortical regions (including the left inferior frontal gyrus, left middle temporal gyrus, left middle occipital lobe, left angular gyrus), and not with the basal ganglia; (2) memory and executive functioning were associated with a widely distributed network of almost exclusively left hemispheric cortical and subcortical regions; (3) attention was exclusively associated with a left and right hemispheric white matter tract network and the left insula; (4) visuospatial functioning involved a distributed left and right hemispheric subcortical network and right temporo-parietal cortical regions (the latter were only observed in the voxelwise analyses, see Supplementary Table S3 ) and was the only domain which was associated with total infarct volume in the multivariate models.
Of note, although lesion coverage and average lesion size was highest for the right cerebral hemisphere (Figure 1) , the significant anatomical substrates of global and domain-specific cognitive functioning were mostly located in the left cerebral hemisphere in both the multivariate voxel-based ( Figure 2 ) and ROI-based (Figure 3) analyses. The predominant associations between MoCA global scores and left hemispheric lesions can be explained by the fact that the MoCA is made up of predominately verbal items, and therefore its performance draws heavily on the languagedominant left hemisphere. However, at the level of specific cognitive domains, the associations are consistent with the expected brain-behavioral relationships with language loading predominantly on the left hemisphere and visuospatial functions loading more strongly on the right hemisphere. In addition, the anatomical substrates for memory and attention were also mostly located in the left hemisphere because they were assessed verbally (e.g. word list, verbally presented numerical strings). The number of patients and/or the lesion size on which these associations were based on were provided in Supplementary Figure S5 for the SVR-LSM results and in Table 4 and Supplementary Figure S6 for the SVR-ROI results. These data, in addition to the significance level from the analyses, could be used as a supplementary reference to assess the statistical power of the identified strategic regions for poststroke cognitive functioning. As the lesion distribution was very dispersed in this study (especially in the left hemisphere), the significant voxels from the SVR-LSM ROIs that were associated with cognition in the univariate analyses but not in the multivariate analyses are shown in light blue (corresponding to the step referred to as 'feature selection' in the methods). The names of the significant ROIs were attached above and the corresponding p-value and weight coefficient (beta) are shown in Table 2 for global cognition and Table 3 for cognitive domains. The figures are shown in neurological convention (left is on the left). ACR: anterior corona radiata; AIC: anterior limb of internal capsule; BCC: body of corpus callosum; Cing: cingulum (white matter); EC: external capsule; GCC: genu of corpus callosum; IFGop: inferior frontal gyrus (opercular); IFGorb: inferior frontal gyrus (orbital); IFGtri: inferior frontal gyrus (triangular); IFOF: inferior fronto-occipital fasciculus; MOL: middle occipital lobe; MTG: middle temporal gyrus; MTP: middle temporal pole; PCR: posterior corona radiata; PIC: posterior limb of internal capsule; PTR: posterior thalamic radiation; RIC: retrolenticular part of internal capsule; SCR: superior corona radiata; SFOF: superior fronto-occipital fasciculus; SLF: superior longitudinal fasciculus; SPG: superior parietal gyrus; STG: superior temporal gyrus.
analyses were generally based on less than 10 patients ( Figure S5 ). Nevertheless, we have performed sufficient optimizations for the SVR-LSM models to achieve the best statistical power of the analyses based on our lesion-behavior data. In addition, the strategic regions identified by the complementary SVR-ROI analyses were based on more patients (Table 4 and Figure S6 ) as the lesions were evaluated as cumulative lesion Note: The brain regions are defined by the AAL atlas and ICBM DTI-81 white matter tract atlas. Only the significant regions with p < 0.01 from SVR-ROI analysis are listed (in descending order from the ROI that most frequently overlapped with lesions to the ROI that least frequently overlapped with lesions). a Number among 410 included patients that had a lesion that overlapped with the specified ROI in AAL atlas and ICBM DTI-81 white matter tract atlas. b The median regional lesion volume within the specific ROI for the patients who had a lesion that overlapped with this ROI. The regional lesion volumes (in ml) and their ratios (in percent) of the corresponding ROI size were both provided. The median total lesion volume (in ml) a patient would have, given that the patient had a lesion that overlapped with this ROI. L: left; R: right; ACR: anterior corona radiata; AIC: anterior limb of internal capsule; BCC: body of corpus callosum; EC: external capsule; GCC: genu of corpus callosum; IFGop: inferior frontal gyrus (opercular); IFGorb: inferior frontal gyrus (orbital); IFGtri: inferior frontal gyrus (triangular); IFOF: inferior fronto-occipital fasciculus; MOL: middle occipital lobe; MTG: middle temporal gyrus; MTP: middle temporal pole; OFCpost: Posterior orbitofrontal cortex; PCR: posterior corona radiata; PIC: posterior limb of internal capsule; PTR: posterior thalamic radiation; RIC: retrolenticular part of internal capsule; SCR: superior corona radiata; SFOF: superior fronto-occipital fasciculus; SLF: superior longitudinal fasciculus; SPG: superior parietal gyrus; STG: superior temporal gyrus.
burden in a specific region instead of voxel-wise basis. Importantly, the results of the SVR-LSM and the SVR-ROI are clearly converging. The statistical power in terms of the patients on which these associations were based on can only be further improved by including more patients in the study with sufficient lesion coverage throughout different regions in the brain.
It should also be noted that brain regions that are crucially involved in cognitive functioning but are rarely affected by infarcts would not be identified as strategic regions for post-stroke cognitive impairment. Therefore, our findings should not be interpreted as an exhaustive map of anatomical correlates of their corresponding cognitive domain, but rather as a map of strategic regions in which infarcts are likely to result in post-stroke cognitive impairment. Such information is of clinical value, as this helps clinicians to understand why a patient with a strategic lesion suffers from poststroke cognitive impairment. The next step towards translating these findings to clinical practice is to develop prediction models for post-stroke cognitive impairment based on stroke location. Such a prediction model could be used to identify patients at risk of developing cognitive impairment at an early stage in order to initiate adequate rehabilitation strategies at the earliest possible stage. The development of such a prediction model would require the inclusion of thousands of stroke patients and can probably only be achieved through multicenter collaborations.
Regarding the methods, it should be noted that in the five previous SVR-LSM studies, 33 -37 a nonlinear model was used without feature selection, whereas we used a linear model with feature selection. These previous studies focused on patients with isolated left hemispheric stroke and studied cognitive processes involved in language. Because the lesion distribution in the current study was completely different (i.e. patients with lesions anywhere in the brain were included, see Figure 1 and Supplementary Figure S2 ) and we included many more patients with small lacunar infarcts than the SVR-LSM methodology paper, 17 the original nonlinear SVR-LSM approach performed very poorly in predicting MoCA scores (Supplementary  Table S1 ). Then we selected four candidate SVR-LSM models (nonlinear and linear SVR-LSM with and without feature selection) and compared their prediction performance and reproducibility on the same training and testing data. As can be appreciated from the results and information in the online supplementary materials, the linear model with feature selection outperformed the other models, which is why this model was selected for the current study in statistical inference (See Supplementary Method for more details). Of note, this study is the first to directly compare the linear and non-linear models with and without feature selection in SVR-LSM. The adjustments to the SVR-LSM method that are described in this study extend the use of SVR-LSM from patients with relatively large, unilateral cerebral hemispheric lesions, to map lesionbehavior associations in lesion data that is dispersed throughout the entire brain.
There are several limitations to this study that should be taken into account. Despite this being the largest lesion-symptom mapping study in post-stroke cognitive impairment to date, there was still insufficient lesion coverage in some brain regions to be included in the analyses. As for the before mentioned development of prediction models, overcoming this limitation can only be achieved by further increasing sample size, which will probably require (international) multicenter collaborations with thousands of patients. It should be noted that we included many patients with relatively small infarcts (median volume 2.3 ml), which may in part be due to some of the exclusion criteria of the CU-STRIDE cohort (e.g. patients who died before assessment of who were incommunicable were not included). Furthermore, patients with small infarct may have been more likely to undergo MRI or follow-up CT imaging to confirm the diagnose, which was an additional inclusion criterium for the current study. Consequently, some of our findings may not be generalizable to patients with large cerebral infarcts. More specifically, it is possible that in patients with large infarcts, the size of the lesion becomes more relevant in predicting post-stroke cognitive impairment, whereas in our cohort, lesion size was not independently associated with total MoCA, nor with four out of five cognitive domains. Second, we used the MoCA instead of detailed neuropsychological testing to assess global cognitive functioning and cognitive domains performance. Further studies with detailed neuropsychological testing should be conducted to substantiate the findings in this study.
In conclusion, this study provides a more complete picture of strategic brain regions for post-stroke cognitive impairment by using recently improved lesionsymptom mapping methods in a large cohort of stroke patients. The maps on strategic brain regions for global and domain-specific cognitive impairment may help clinicians to understand and predict the cognitive impact of ischemic strokes. Future studies with even larger sample size are needed to develop individualized infarct location-based prediction models for poststroke cognitive impairment.
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